Attempts to evaluate the second factor, namely, the effect of the transmitting tissues on the recorded electrocardiogram, are at present only qualitative. It is frequently difficult to determine whether an observed change or ,abnormality is due to an alteration in the potential generated by the myocardium or to modification of the impulse by the transmitting tissues. Furthermore, single well-defined changes in the transmitting tissues are uncommon. For and sixth (V4D) intercostal spaces. Positioning the precordial leads in relation to ribs or intercostal spaces was not complicated postoperatively by the five partial rib resections, since the area of resection was relatively small. Prior to placement of the electrodes, electrode jellyt was applied to the patient's skin with a wooden applicator to the point of mild erythema. The sensitivity of the recording machine was calibrated at the end of each lead at 1 cm. per millivolt, and was unchanged throughout the study. Except for one patient, the configuration of the precordial complexes in the same subject before and after operation was unchanged, and the difference between the two horizontal electrical axes of the heart was less than seven degrees. The single exception was a patient undergoing left mastectomy, who was thought on the basis of her electrocardiogram to have had a silent apical myocardial infarction. This patient was included in the study. An attempt to quantitate the amount of tissue removed at surgery was unrewarding because the surgical specimens contained varying amounts of axillary fat and tissue.
After the electrocardiograms had been examined for technical adequacy, the amplitude of all the complexes, namely, P, Q, R, S, peak-topeak QRS, and T waves, was determined on three consecutive complexes and the mean value was recorded. All measurements were made from the lower border of the baseline to the lower border of the deflection inscribed. The tRadical mastectomy entails resection of the breast tissue and overlying skin and areola, pectoral musculature and axillary fat and lymph nodes.
tIn simple mastectomy, the breast tissue alone is resected; skin and areola may not be excised. Circulation, Volume XXXII, November 1965 after left mastectomy in leads V3R to V4D and after right mastectomy in V3R, V1, and V4.
Only in V2 was the increase after left mastectomy statistically significantly greater than after right mastectomy. Figure 3 tabulates the change of amplitude of precordial QRS waves after left or right mastectomy. After left mastectomy statistically significant increases were present in leads V3R to V4c, and V5. After right mastectomy the increases were statistically significant in leads V3R, V1, and V6. The changes were statistically significantly greater after left mastectomy in V2 to V4C than after right mastectomy. Figure 4 demonstrates the change of amplitude of precordial T waves after left or right mastectomy. These were statistically significant in leads V] to V4C after left mastectomy and in leads V3 to V6 after right mastectomy. There was no statistical difference between these two groups. Change in the transmitting tissues-in this case, amputation of the breast and other soft tissue of the anterior thoracic wall. In the standard and augmented unipolar limb leads, no consistent change in any of the complexes was noted after either left or right mastectomy; there was no significant difference between the changes in the two operative groups.
P Waves
In the precordial leads, statistically significant increases in P-wave amplitude were noted after both left and right mastectomy. There was, however, no significant difference between the two groups. In view of the statistical equivalence of the two groups and the presence of more significant changes in other complexes, no definite conclusions concerning the changes observed in the P waves is warranted.
T Waves
Increases in the T waves were seen in most of the precordial leads after both left and right mastectomy, but there was no consistently greater change noted after left mastectomy. In addition, the evaluation of T-wave changes is more difficult in view of the inherent variability of these complexes under the influence of a wide range of physiologic conditions.4 For these two reasons the T-wave changes will not be discussed further.
QRS Complexes
Changes in the peak-to-peak amplitude of the QRS complexes sensitively summarize the changes in the R and S waves individually and support the discussion below. Large increases were recorded after left mastectomy over the entire precordium, most significantly in leads V3R, Vl, V2, V3, V4A) V4B, and V4,.
In V4B and V4G increases in the individual complexes were as great as 3.5 millivolts.
Changes of moderate or intermediate signifi-
cance were recorded in V4D, V5, and V6-beneath which little, if any, tissue was excised. After right mastectomy, highly significant increases in the amplitude of the QRS complexes were noted in V3R and VI, and less significant increases in V5 and V6. From a Circulation, Volume XXXII, November 1965 comparison of the changes in the two operative groups, two observations are pertinent. After left mastectomy, increases in the amplitude of complexes in leads V2 through V4, and to a lesser significance in V5, were strikingly greater than after right mastectomy. Secondly, after both left and right mastectomy, there were highly significant increases in the amplitude of complexes in V3R and Vi, which were statistically equivalent after the two operations.
The significance of these findings is directly pertinent to the interpretation of the electrocardiogram after mastectomy. If precordial voltage criteria are utilized for the diagnosis of left ventricular hypertrophy, these data suggest that the occurrence of false-positive diagnoses after left mastectomy may approach 50 per cent. The study indicates that after mastectomy, standard criteria for electrocardiographic diagnosis may not apply. Perhaps after any alteration in the composition or configuration of the thorax, standard criteria should be employed with caution.
Perhaps of more fundamental importance, however, are the implications of these data regarding the effect of body build and especially chest wall configuration on the electrocardiogram. In addition to the effect of abnormalities of the chest on the electrocardiogram, the effect of normal variations in chest characteristics would appear to be important. As an example of this, Simonson et al.5 '4 among others, it is justifiable to consider the electrical impulse from the myocardium equivalent to that which might be produced by a dipole properly positioned within the thorax. In a meticulously performed series of studies these various workers have shown the significant influence on surface potentials of the dipole position within the thorax models. This influence is greatest on the surface nearest the dipole, which according to Schmitt occurs at V3. In the present study, following left mastectomy, the greatest increases in voltage were recorded in leads V3 and V4. In related work, while producing no change in the dimensions of his model, Nelson'5 has been able to convert a volume conductor of infinite extent to one with finite boundaries. He has found in the latter situation, with the dipole position unchanged, a marked distortion of the equipotential lines within the model. Despite the fact that the greatest voltage increment occurred at the boundary nearest the dipole, all the surface potentials increased in the limited volume conductor.
These findings can be related to the present study by considering the thorax as a volume conductor of infinite, or relatively unlimited extent. Mastectomy may alter the characteristics of the volume conductor without affecting the position of the heart, or dipole-equivalent, within the thorax.
Summary
The electrocardiograms before and after operation have been compared in 20 patients undergoing left mastectomy and in 19 patients undergoing right mastectomy.
There are highly significant increases in the Circulation, Volume XXXII, November 1965 amplitude of the QRS complexes recorded over the precordium after left mastectomy, except in lead V6. There are highly significant increases in the amplitude of the QRS complexes of leads V3R and V, after both left and right mastectomy.
These data are not completely explained by a diminution of distance between the recording electrode and the myocardium or of electrical resistance following the excision of soft tissue.
The possible relationship is suggested between the precordial voltage changes and the altered thoracic volume conductor.
